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. Chrognic Disease Epidemiology,
1408 E. state St. e

- P.0O. Box 47813 .
Olympie, WA 98504-7813

' . Apzil 7, 1992

To: Norman Smith
. From: Samuel Milham Jr. M.D.

Subject: Answers to the four queatiocns posed by Mr. Mc Curdy in
Environental Health Letter, March 18, 1992, P. 3

1. -The ANSI standard in the U.S. is not nearly as censervative as

those set in Russia, Eastern Europe, Australia and elsewhere. The
U.S. standard is based solely on tisste heating. Scientists
EQTTing thase more restrictive standards alsevwhere must believe

that athermal effects exist, ars poteatially harmful, and set their
standards accordingly.

2. uUntil dose-based morbidity and mortality studies are done in
human populaticns, all RF/MW atandards will be azbitrary. Until en
_expgosure-based standard can be set, I feel that an ALARA approach
is most z;:a.sﬁonablp:‘ 4 In the c;:e of siting new antexznas, I feel.
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3. The approach in the EIR seams adagquate given the current ‘scate
of knowledge in the field. However, whare doubt aboit human hezlth
impacts exists, any error ian asctandard secting should bhe
consarvative. This standard was daveloped before mast of t
athermal effects were known. Since it is designed only to procect
against tissue heating, it is not a conservative standard.

4.- Dr. Guy is & r-apcct:ad and founding mezber of the
3icelectromagnatics Socisty. He simply does not Dbelieve that
athermal levels of RF/MW exposure can cause human health problexs.

Incerestingly, work in his own lab suggests thac pulsed RF ec
achermal levels may cause cancer in rats.

; own study of amateur radio licensees who' are exposed to
- beth “E{F and RF fialds showed $ncreased morrtality from ceztaizn
CancEYs . This, plus- the other occupaticlal and ,:a;;aenc:e-:
epidemioclogic studies ia the literacure lead me to believe cnas
exposure standards baszed on thesmmal injury only, need lowering.
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FROM THE FIELD

Clippings from All Over

“The scicatist can afford to be skeptical much longer than the person
concemed with protecting public health.”
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Victizas of Fallout,” Scfence, p.360, April 19, 1996

“If there was & heaith effect from cell phonies, becausc of their popu-
Inrity it wonld be a major public health concern.”

Guy Technolegy Research (WTR),
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Pacemuakers,” Scattle Post-Intelligencer, p.A12, May 17, 1996

“The [cancer] research project is really nonexistent. There’s nothing

there. The emperor has no clothes.™
" st Luceot muum'mu.m quoted by
at »
Jeflrey Silva in “True Goult of WTR Quastionsd

by Induetry,”
Radio Cammunications Repovt (RCR), p.33, May 6, 199 (see p.14)
[Craig McCaw] has difficulty shsorbing lengthy writien documents
and usually avoids them. That leaves time for him to o what he prefers
anyway, which is to think and to stand back and take in the big picture.
~-Andrew Kupfer, “Craig McCaw Soos an Internet
tn the Sky,” Fortane, p.64, May 27, 1996
‘The Air Force has demonstrated a capability of countering air-defensc
Systems by damaging theie components through the usc of “ extremely™

tand vehicles and ships.”

Jmuwum:gf-m p.15, My 1996

Mehmmn.ﬂnmneoﬂhepmedglmd.uwmﬂydusubjeaof
mach ill-informed publicity sad speculation in the entertainment me-
dia workiwide. Several books on the subject have made grossly exag-
gerated claims for its value, portraying it as 8 panaces and s an “aati-
aging” trestment. Thee claims are distortions of current knowledge of
the physiological functions of melstonin and ix therapeutic potential.
—Dr. J, Arendt, professer of endacrinology at the University

of i Gulldford, UK., and auther of Melstonin

the “Melatoais:

Popular Media Are Mostly Necseuse,”
_ Rritish Medical Journal (UK), p.1242, May 18, 1996

“There’s oo doubt the controversy has cxploded in the last two years.
Eight or ten years ago peopls never commented. You just sold the houses
under the power lines and they may have had a little bit of a grizzie
about it. Now people ace much more informed and ask themselves ques-
tions like: How are we poing 10 be compensated? How will we be able
to sell our? Cextainly, none of the prudent oc wise or informed will buy
them. Women with children are scared. They don'’t want them play-
ing in the backyard.”

4 —Gddﬁq.uwﬁuwhmmm
high-power microwaves, according %0 Secretary of Defcase Perry's 8093 thet 99% of kome buyers rejoct houses mh
recently seleased 1996 Annual Report to the President smd Congress. quoted by Vereaica Ridge in “High Voltage Living,”
m:epocnhomvuk“dmtemhrp:wformonof ir mmnmxm‘vﬁ
Letters to the Editor
EMI to Medical Devices from Cellular Antennas w 1000 MHz.

2 We have conducted extensive testing of the potential of cellulas

“Mmgd; 1996 telephones to intesfece with the operation of medical electrical equip-
itoe:

We would like to make & comment on your anticle “California
PUC Advisca Against Cellular Antennas near Schools and Hospitsls”
[soc MWN, N/D9S]. In particular, we would ke to comment on the
issue of siting cellular antennas on or near hospitals.

The bospital sdministrations, medical boards and biomadical en-
gincering depastments are genesally consulted in the siting of anten-
n;s and these people are surely in the best position to judge any health
eflects.

There it, however, ooe issue that should be considercd when sit-
ing cellular antennas on or near hospitals and that involves the elec-
tromagnctic interference (EMI) 10 medical electrical equipment.

The U.S. Food and Drug Administration (FDA) issued a volun-
tary standard' specifying that medical ¢lectrical cquipment should
be immunée from EMI in fields up to 7 V/m within the frequency range
450 to 1000 MHz. The Internationat Electrotechnival Commission
(1EC) has published a standard on electromagnetic compatibility
for medical electrical equipment? in which it staes that an irsmunity
level of 3 V/m shall apply for the frequency range 26 to 1000 MHz.
Howevex, it is stated in this standard that the 3 V/m immunity level
may be inappropriate because the physiological signals measured may
be substantialy below those induced by a field strength of 3 V/m.

In recogmuon of the fact that safery-of-life medical elecwical
equipment requires a higher leve! of immunity, the IBC has issued a
draft standard for infusion pumps and controllers,’ which states that
an immunity level of 10 V/m shall apply for the frequency range 26

ment and consulted with manufacturers of that equipment. Our con-
clusion is that medical electrical equipment should not be exposed
0 levels above 1 V/m from mobile radio installations.

We ensure that protection is provided by, first, designing our an-
tenna instaliations with a rule that no arca that is Ekely (o have sen-
sitive medical electrical equipment will have a field strength of greater
than 1 V/m. This can be achicved by transmit power control and
suitable antenna design and positioning. Second, we confirm that
the 1 Vin criterion is adhered to measurement st the site.

Typical measured field strongths in hospital wards range from
6.7-61.5 mV/m (equivalent power denaitios of 0.012-1.2 aWicm?)
per digitsl carrier or anslog channcl leading to total field strengths

in the range 13.4-580 mV/m (0.048-89 nW/cm?). The total field

strength depends on the number of digital carviers (typically 2 to 4
pex sector) or analog channels (typically 32 per sector) present, and
an enhancement factor of 3 dB (numerical factor of 1.4 for field
strengths and 2 for power denaities) has been included to account for
passible reflections.

Yours sincerely,
Ken Joyner, PhD John Csusebrook, PhD
Manager, EMC Section mmmmmw
Telstra Research Lahoratorics
770 Blackburn Rd. The Courtyard, Hmdonkd
Clayton, Victoria 3168 Newbury, Berkshire RG13 1JL
Australia | LK
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EMC CONSIDERATIONS FOR DIGITAL CELLULAR RADIO
AND HEARING AIDS

Jon Short

BT Laboratories. Maruesham Heath, Ipswich, England

Abstract

This paper describes the compatibility problem
berween digital cellular radio and hearing sids.
Research has shown that any radio system using
time division multiple access could regularly
imerfere with hearing aids. This problem may be
reduced by constraints on the cellular system
implemenuton although an increase in heanng

aid immunity to such signals is required if this

problem is 10 dealt with effectively. It is hoped
that COST 219.may be able 10 bring such
changes about. This information was presented to
a.meeting of COST 219 on the 16th June 1992
in Dublin

l.'lntrodimiun

The aim of this paper is to describe the potential
compatibility problem between digital cellufar
radio systems and hearing aids. ln doing so it is
hoped that acdon may be taken to improve the
cusTent simation,

The compatibility problem stems fom any
system where time division is used to multiplex
many users onto a single RF carrier (Time
- Division Multiple Access - TDMA). This process
results in the camier being tumed on and off
many times. If the frequency at which this
tuming on and off occurs is in the audio
frcquency band then simply designed audio
devices. such as hearing aids, can demodulate the
RF envelope and produce an annoying "buzzing’
sound. With careful design, these problems can
be removed through greater immunity to such
signals. .

1t should be noied that this is an issue for any
TDMA system. when close 10 any audio
appararys, However, studies have shown that
hearing aids are particularly susceptible and more

likely to be close to pontable telephones.

This paper therefore covers the standards bodies
involved in EMC issues. the initial EMC work,
studics carried out at BT Laborarories. highligins
possible solutions and then makes some final
recommendations.

2. ETSI Standards

This issue has been highlighted through the work
of organisations paricipating in the ETSI
standaris bodies. On the digital cellular radio
been driving the work forward. This body is
charged with the mdio aspects of the pan-
European digital cellular radio system - GSM.
Other ETSI bodics involved in EMC issues are
sub-technical commitiees RES9 and EE4. RES9
arc concerned with EMC: standards for radio
equipment and FE4 in EMC. standards for ail
other wlccommunications cquipment.

. 3. Initial EMC Testing

The initial studies of the interference potential of
TDMA wansmiters was conducted back in 1989
by BT Laboratories, the UK DTI, CSELT, Racal
Rescarch and others. At that stage the sudies
were concemed with hearing zids. personal mpe
players, domestic audio ecquipment, TV
equipment and cardiac pace makers. These
studies resulted in the following findings :-

. No interference 10 cardiac pace makers

. Slight interference 10 domestic audio
equipment

. Significark inwerference w0 body wom
audio equipment




4. BT Laboratories Hearing Aid Testing

The work carried out at BTL can be split into 2
arcas (-

. Immunity testing
. Interference modelling

4.1 Immunity Testing

..A nomber of heanng impaired volunieers from
BTL were asked o 1ake pan in a laboratory test
The a=st consisted of an anechoic chamber (no
RF reflections) in which an antenna was
transmiging a test signal similar to that radiated
by a GSM mobile ielephone. The subject was
then asked to walk towdrds the antenna and note
the level of perceived imerference at various
distances. Having previously calibrated the
chamber for fleld strength (in Volts per metre -
V/m) the critical field strength could be
detemuined.

The test equipment used to create the transmirted
signal allowed the following parameters 0 be
varied :-

Modulating waveform

Duty cycle

Transmit pulse transition ime
Repetition rate

Carrier suppression

Carrier frequency

e e e o *»

The results of this laboratory investigation
showed that the mechanism causing the
interference was nan-linear devices in the hearing
aids demodulating the 100% amplitude
modulated square wave of the RF envelope.
. Since the frame repetidon rate is in the audible
frequency band the demodulated products are
audible. The critical ficld surength is around 4
V/m for percepuible, annoying interference.

However, what does this mean ? Is this a
problem or not ? In order t0 answer these
questions. a modelling exercisc was undertaken

4.2 Interference Modelling
The object of the modelling exercise is to

determine, given the 4 V/m critical field strength,
what is the probability of a hearing aid user

experiencing interference in a typical cellular
system ?

Firstly, we must determing the number of active
mobiles and their rarsmit powers. This is done
using a typical cell ... out to give the maximum
number of users at any one lime and then a
simple link budget is used to determine the
transmit powers.

From the tanemit powers, we can determine
what area around each transmitter will cxperience
a ficld strength of 4 V/io or greater. If we know
the number of mabiles wansmitting we can find
the total affected area. This is the wotal ares in
which a hearing aid user would experience
interference.

Given the total area of the cell layout under
consideration. we can calculate the ratio of the
affected area to the total area. This gives te
probability of interference.

If we also know the number and duration of the
cellular telephone calls made, we can determine
the time between bursts of interference and the

duration of these bursts,

.This modelling exercise was conducted for the

following scenarios :-

. Daily commuter from rural area into city
. Person working and living in city
. Retired person shopping in city

If, for example, we take the daily commuter, we
fing thar (with the inirial frequency allocarion for
GSM) the following interference would be
perceived :-

' 1 burst lasting 2 mins on the train daily

. 1 burst lasting 2 mins at the train station
every 1.5 months

. 1 burst lasting 3s on the street daily

. 1 burst in the office lasting 2 mins every
month

Further to0 this, it can be said that the hearing aid
user will be unable to uze a porable digital
cetlular telephone, Operation of a vehicle
installed telephone would hawever, be possible.



§. Solutions

There are things that can be done both from the
mobile cadio side and (rom the hearing aid side.

For the GSM cellular sysiem, the following
constraints  can applied 0 minimise
merferenee -

- Dynamic power control 10 be used
. Swmall cells implemented where possible
. Discontinuous transmission o be used

All these aspects will ensure that the transmitter
is operating for the shorest possible time and
using the lowest possible transmit power.

However, this is unlikely to reduce the problem
10 an acceptable level. An increased immunity to
RF interference is therefore required for hearing
aids. Tests have shown that if the immunity is
rised from the current 3 V/m to around 10 VAn
then interference will be significantly reduced
These tests also indicated that this increase could
be achieved with simple modification to the
heaning aid design.

6. Canclusion

Extensive research has  highlighted 3
compatibility problem between TDMA
transmiters and hearing aids. These TDMA
tansminers way be GSM transmicters bux could
be from any system using the TDMA principle.
Since TDMA is being favoured for a number of
future telecommunications systems, the oumber
of TDMA mobile tcrminals is likely
dramatically increase in the coming years.

This problem could be dramatically reduced by
applying system design constraints for the GSM
system and an increased immunity from 3 V/im
1o 10V/m for future heanng aid devices.

It is hoped that in presenaing this work 1o COST
119, some practical ways for improving hearing
aid immunity can be found and implemented in
future hearing aid designs. This would gready
bencfit the hearing impaired in years to come
when the number of mobile telephones has
gready increased. Such an improvement may also
mean that hearing impaired people will be able
use portable digital cellular telephones

themselves.



